Randomized trials of maintenance therapy (MT) in diffuse large B cell lymphoma (DLBCL) are inconclusive regarding its effect on overall survival (OS) and disease control. We aimed to examine the efficacy and safety of MT in this meta-analysis. Sys- 
| BACKGROUND
Diffuse large B cell lymphoma (DLBCL) is the most common subtype of non-Hodgkin lymphoma, accounting for more than 30% of all newly diagnosed cases. 1 The standard chemotherapy includes cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP). 2 With the addition of rituximab, a monoclonal antibody against surface antigen CD20, to CHOP (R-CHOP), superior survival was demonstrated, with 4-year survival ranging from 55% to 94%. 3 However, despite improvement in first-line treatment, there are still approximately 40% of patients who will experience either refractoriness or early relapse, occurring in the first 2 to 3 years. Moreover, such early relapses are often chemo-resistant, leading to a significantly shorter survival. 4 While younger patients may possibly benefit from aggressive strategies as stem cell transplantation, alternative approaches such as maintenance therapy are essential for older patients. 5 Maintenance therapy aims to maintain the initial response to induction therapy, to delay relapse, and, if possible, to increase survival. Since maintenance therapy is administered over a prolonged period, it must be well tolerated and cost-effective to be considered as a valid treatment strategy. 6 We aimed to examine the efficacy and safety of maintenance therapy compared to observation in patients with newly diagnosed DLBCL after achieving complete (CR) or partial response (PR) following induction chemotherapy.
| METHODS
We searched PubMed until January 2018, The Cochrane Central Reg- . We cross-searched the terms "diffuse large cell lymphoma" or "aggressive lymphoma" and similar terms, "rituximab" and "maintenance" and similar terms. For PubMed, we added the Cochrane highly sensitive search term for identification of clinical trials. 7 In addition,
we scanned references of all included trials and reviews identified for additional studies.
| Study selection
We included all randomized controlled trials (RCTs) that compared maintenance therapy with observation or placebo in patients with newly diagnosed DLBCL who achieved CR or PR after first-line treatment with chemotherapy, with or without rituximab.
| Data extraction and quality assessment
Two reviewers (A.R., R.G.) independently extracted data regarding case definitions, characteristics of patients, and outcomes from included trials. In the event of disagreement between the 2 reviewers regarding any of the above, a third reviewer (A.G.) extracted the data.
Data extraction was discussed, and decisions were documented.
Two reviewers independently assessed the trials for the following domains: allocation concealment, generation of the allocation sequence, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data reporting, and selective outcome reporting. We made critical assessment separately for each domain and graded it as low, unclear, or high risk for bias according to the criteria specified in the Cochrane Handbook version 5.1.0. 
| Outcome measures
Primary outcome was overall survival (OS). Secondary outcomes included disease control, relapse rate, and safety. We defined disease control as any of the following outcomes: progression-free survival Relative risks (RRs) and 95% confidence intervals (CIs) for dichotomous data were estimated using the Mantel-Haenszel method.
We assessed heterogeneity of trial results by the chi test of heterogeneity and the I 2 statistic of inconsistency. 9 Statistically significant heterogeneity was defined as P less than 0.1 or an I 2 statistic greater than 50%. We conducted the meta-analysis using a fixed-effect model (FEM), and in case of high heterogeneity, we used random-effect model (REM).
We did 2 subgroup analyses: The first was by the type of maintenance (rituximab vs other), and second was by the type of inductionwe included all RCTs in which more than 50% of patients had received R-CHOP.
3 | RESULTS
| Description of trials
The literature search yielded 265 trials, of which 50 were considered as potentially relevant. Thirty-nine trials were excluded for various reasons ( Figure 1 ). Fourteen trials fulfilled the inclusion criteria, three of which were abstracts. [10] [11] [12] The trials were conducted between the years 1981 and 2017. 2, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] The characteristics of the trials are shown in Table 1 .
| Patient characteristics
Five thousand one hundred twenty-two patients with aggressive B cell lymphoma were included in 14 trials. Twelve trials included patients with DLBCL, 1 trial included patients with CD20+ B cell lymphoma (47% of patients had DLBCL), 16 and one included patients with high- Patient characteristics are shown in Table 2 .
All trials included patients with newly diagnosed DLBCL after achieving CR or PR to induction chemotherapy.
| Induction therapy
Regarding induction therapy, 10 trials included either R-CHOP or CHOP alone. 2, 10, 11, [13] [14] [15] [16] [17] [18] [19] In 7 trials, rituximab was given to all patients, [10] [11] [12] [13] [14] [15] 17 and in 1 trial, rituximab was added to induction in 50% of patients by randomization. 2 Nine trials included either different induction therapy regimens or were randomized with CHOP. 12, 13, [16] [17] [18] [19] [20] [21] [22] All those regimens are described in Table 2 .
| Maintenance protocol
In 6 trials, rituximab was given as maintenance. 2, 10, 12, [16] [17] [18] In all those trials, rituximab dose was 375 mg/m 2 , and the schedule of administration ranged between weekly to every 3 months (median 4.5 weeks), and the duration of intervention ranged between 1 and 5 years (median 2 years). Three trials included interferon alfa 2b as maintenance at a dosage of 5 million units 3 times per week [19] [20] [21] ; in 2 trials, maintenance therapy consisted of oral immunomodulatory drugs (thalidomide and lenalidomide) 11, 15 ; in 1 trial, chemotherapy was included in the maintenance regimen, 22 1 trial included oral serine threonine kinase inhibitor enzastaurin, 14 and 1 trial included everolimus-an oral mechanistic target of rapamycin (mTOR) inhibitor. Interferon alfa 2b
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| Risk of bias of included trials
One trial was judged at low risk of selection bias. 10 In 13 trials, methods of allocation concealment and generation were not reported.
Three of these were published as abstracts. [10] [11] [12] Blinding of patients and personnel was done in 2 trials. 13 Figure 2 ). The effect of R-CHOP induction on maintenance therapy was evaluated in six of those trials. 2, [12] [13] [14] [15] 17 Results in this subgroup analysis were similar to the main group with OR 0.96 (95% CI 0.81-1.14, I 2 = 0, 3556 patients) (Figure 3 ).
| Secondary outcomes
Relapse rate was statistically significantly decreased in the mainte- 
| Safety
Five trials reported serious or grade 3 to 4 adverse events. 2, 13, 14, 16, 17 The risk of serious or grade 3 to 4 adverse events was statistically significantly increased in the maintenance arm compared to observation, RR = 1.69 (95% CI 1.29-2.22. I 2 = 75% REM) ( Figure 7 ). In addition, neutropenia grade 3 to 4 and infection grade 3 to 4 were statistically significantly higher on the maintenance arm, RR = 1.92 (95% CI 1.43-2.58, I 2 = 51%) and RR = 1.89 (95% CI 1.08-3.29, I 2 = 0%), respectively.
| DISCUSSION
This systematic review and meta-analysis showed that maintenance therapy did not significantly affect OS compared to observation.
Results were the same in a subgroup analysis by the type of maintenance. Nevertheless, maintenance therapy decreased relapse rate and improved disease control. Disease control was significantly improved in the subgroup of studies evaluating rituximab as maintenance.
Due to the fact that R-CHOP is considered as the standard induction therapy, we have done a subgroup analysis of trials including induction with R-CHOP which showed similar results as the other studies concerning disease control and overall survival.
Obviously, the risks of serious adverse events, neutropenia, and infection grade 3 to 4 were significantly higher for patients treated with maintenance compared to the observation.
The efficacy of rituximab as maintenance therapy in DLBCL was previously evaluated in 3 meta-analysis of RCTs. [24] [25] [26] One meta-analysis by Nannya et al 24 included 4 RCTs, 2,17,18 of which one included patients after autologous stem cell transplantation. 27 This meta-analysis demonstrated that males had a higher EFS and lower rate of adverse effects compared to females when rituximab maintenance was administered, and that rituximab improved EFS only when it was not used also in the induction phase.
The second meta-analysis published by Ren et al 25 included 3
RCTs using rituximab maintenance, 2,17,18 and 4 RCTs using rituximab therapy as part of the salvage chemotherapy in the relapse setting and not as maintenance. This meta-analysis demonstrated that maintenance therapy with rituximab had no statistically significant effect on OS or EFS.
The third meta-analysis, published by Zhou et al, 26 included 5 RCTs 2, [16] [17] [18] 27 and concluded that males and previously untreated DLBCL patients benefited most from maintenance treatment in terms of EFS and PFS when rituximab was the maintenance therapy.
Our meta-analysis is the most comprehensive one since it includes not only rituximab as maintenance but also different types of maintenance therapy and comprises a large group of patients.
FIGURE 2
Overall survival of patients treated with maintenance therapy compared to observation/placebo
There is no doubt that a longer overall survival is the most important outcome. Yet, in our meta-analysis, we showed only advantage in disease control, and no effect on OS. In aggressive lymphoma, however, it is still not completely clear if a benefit in PFS can translate into an OS benefit. OS is still the gold standard primary efficacy endpoint for evaluating treatment strategies for aggressive lymphoma as DLBCL, 31 but there is an increasing literature regarding the use of PFS as a surrogate endpoint. One study showed that 3-year PFS can be a surrogate end point for 5-year OS in aggressive non-Hodgkin's lymphoma, 32 and another trial showed that PFS can be considered as a surrogate endpoint for OS in frontline DLBCL trials. 33 Notably, the data demonstrated that patients on the maintenance arm had more serious adverse events, more neutropenia, and infection grade 3 to 4, as shown in other meta-analyses which compared rituximab maintenance to observation in DLBCL and follicular lymphoma. 24, 25, 29 This could possibly lead to earlier stopping of MT or to low compliance to treatment. Yet, this result should be taken with caution because there was high heterogeneity in the analysis (I 2 = 75%) probably due to the different agents used as MT. In this meta-analysis, we do not have enough data to discuss association between high toxicity and OS. However, in the future, when looking for new agents as MT, the toxicity should be taken in consideration.
| Limitations
A few limitations merit consideration in our meta-analysis: There was variability in the studies-trials from different eras, not all studies included rituximab in the induction, and there was variability in the maintenance therapy.
Several of the included agents did not have any monotherapy benefit on DLBCL; for example, everolimus was not assessed as a single agent in DLBCL, and enzastaurin did not have any benefit versus placebo. 14 In indolent lymphoma such as follicular lymphoma, a long follow-up is needed in order to assess the benefit of overall survival, which may reach to a median of 20 years. 34 Since DLBCL is an aggressive lymphoma, with most relapses occurring during the first 2 to 3 years, 4 a shorter follow-up may be enough to assess OS. Most of the studies included in this meta-analysis did have a median follow-up of approximately 4 years. Also most of the studies included assessed PFS and OS.
In summary, maintenance therapy in patients with DLBCL achieving CR or PR after induction therapy did not affect OS, yet it decreased relapse rate and improved disease control at the cost of a higher infection rate.
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